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FIG. 7
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Frame

: Physical uplink control channel
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FIG. 9

, User detection result [SNR: 0dB]
7 . I T 1 ] T

Ui
-
t

.tﬁh; ..
R
|

SR I I S ST
._|
. d
_————*ﬁ_

o
L

Magnitude (absolute value)

o ' value

6@; “'36  “iQ@ 

Freq

-

U]



U.S. Patent

.-|_
*
i R o R i} - a
- - ! i .'-p_' el _.' i:
. b , o " : 1 L}
. _-"‘? LI b '.,‘:. ' T h T,
- r ' ‘. . L -..
L, R . ' . . W e e T Tt A . . - - . i} r
- ' . kit ket T ke ...-..aun.. .-FA\\--JA*-.-.-J -.nr**'w-u ..1.,,,...-.,,_. '-.'r‘a*.h'-'-ﬂ_d.uh-a.*.m‘u-_t.hh'.*ﬁh-‘.*thq.-**-m'f'.riﬁwp-,th.-. -r"r**l-"hr""h“- -** hr'.r*i-h.q.*-hf#n.h. -r".r**n. -"-**h"lrr-'*'lhr'i*\-‘hr‘*h f‘*-‘l-h-.r""-"hfr"‘l"h-r‘.r"-
| . 'I
H . .. .. .o . . Lt .'- P P . P L. . .
" ‘l-\"l.‘l.r".-"o,ﬁ.l--“.'l..'l"-r“h vﬂ.ﬁqbﬁhufﬂhlsﬂhnﬂhhiﬂh'-hl...-l"H-q,'l‘-.-i".'ll.'-l.bp*.h\'lr;*.h'llﬂpllhliﬂ',*.‘i'l.-l'..-l'-llll.-.n"i-llq-.-"'-.'il-;-.-i"'b.,‘l.;-..ﬂ.ll\'lvr'«h."-.-..-i'-'-hq..l-‘_.-'-'-l.l-.-"hhlrnliﬂhlirh!"b.ﬁ-hqiﬂ'-ﬁ-h‘lr*h!yﬂli#*hi#h1ifﬂqiﬂﬁ
o
'. - .. LUt LT ) 'i_.'. LT - ...'. totatotot ot T .'..h'.'.'. Lot o .'.'. '. Loom Tt . P P .\. LTt . P L Lo m s e e e e e e . B e e T T P -

'A.--.

.-I-.-.-I-r_-‘-l-.-
4
b |
"
H

{

- RS

.-
v .
1
[}
4
4
1

.L-h.-'

| f'f’ﬂ-

ﬁ
]
I-'
]
L)
L
]
a

‘.'l-:l :-ln'l: '
" -
L |

. .
- ‘ir.—_-rl .

i
Wiy w4y oy

-

""ilﬁh‘-rf'-‘*'h-rf*".‘hfr""ﬁ"hf'f""\‘q.fﬂ hhfﬁﬂqffhhfﬂhqr-ﬁhvﬂhﬁwthfﬂi{ﬁfﬁh‘qﬂihhfﬁh‘wf“‘q'ﬁ .-*a,mv..-au-..-*uw.f.ﬁ.

.II'.
- .

5

C e .
- rh .

L-- l—.—.'\.hr-'-—

rﬂ'-“"lq--r“\.\r"r“hﬁ-r‘h-‘fr"\\-f';"hli’ﬁﬁ

- owle odm o -

. T
- "'\._'Ii_'-_ 'I-I

' ' . .
.. T T e T T T T T T T T T T T T T T L Ty T T T T T T T = . .. e T T T T e T T T T T T T T Ty AT T . LT e T T, ol T T T T T T, '
F" W r . e p e mpw s mgpe bk, ERREatE s Ry e A A RELT R E N . TR RS e W '--rl-.-il ‘.v---—r-*—-—r-"ﬂhw!-r-‘hw'—- R L I B R T R T e . I T T T T T e e R L e I L T T I M S
. . . .. e . ST A . i K T i Rt A . RN . . . . LT . A i . N .
. [ . . LNy g e . . . L . . C L . . gt . .
- . - . . i . A .
. .- - . . N . . . .
' . ato g . [} LY
T .. . . . .. .. . . . e . ",..'_... . L. . e e - . . . . . . . .
el B N il R R e T Al B S I‘--'-r' 4 “"‘-'r"" “"‘}"’ + ‘ﬂ""'r - 'r'—'-II L A II-'-r"r""';“"‘u—. .-" R R T T R LR L R e a
. R [ . . .. . s P o LA . . . . . L e . ' . ' . . - ' N r ' . . e T s S e e e e e ' ' o .
.- . L. | . e N .. . .. . . . } . i . & .
. . - 1 .
' ' ' ' .
. . : o .
L | Ll LI 1:- A *“_ r L 1, LE
LI . . R B . . L. LT, L . . . w .. . - e e e, o Ty . . . | T . .. . ok . . .. . .
A WM. M R LR oW RS m oW R yEm oW R E g R EE RN MY —AERW - WAy Ces -1-'-1!-'---1!- LR RO B I N W Wr W oW .7 B B L m oW S N M.l E MR N B W R W o Mg R B Ey B ha W OB B opd W oW B E oW o R 0 LR R S YRR R N R B I TR R Y S m R E m g oR N M om R .
e - "j- .k Y ‘. L N . -
.. . o . S . . - e
i ' Ve . B " I B .
e . e L | I . .. .
. R . .
L) ' 2 r w e \ T a
L b o L ‘q"l b L
. . R g . .
. . - '
P ._.........._......-I'_... . e T T . . e e - P R - . . . C . m s . wr e e e e e e e e e .
- - ww rrnTETI - mow T Womow LR -i--r-—-r--r"-----r.--‘-li--r-—---r ------l----i--------r-------.-i------------- —ii- ---I----- - m e “ e r: mm e =" wm w —m wrw wr = wwhk = modrr WwmEFr-umw~, o-mowkr: wwE . -www =~ owWww . = - r - T k.= moweTwom ok o -
. . Il - - m . . -

LR L L LR L LR L LR LR LR LR R LR LR LR R L L ] :—-|--|--|--|--|--|--|--|--|--|--|--|--|--|--|--|--|-'-|--|l-|--|--|--|--|--|--|--|--|--|--|--|--|--|-————————————————————————
- - -:- .l.l:-l: .! E
a-h."l..-r'-'h.-h'h-r "'l."pr""ﬁ"‘-r'hl"rr"'lﬁpr"'ﬁ“rrh‘qkr““ﬁr’dh\kr h'-yy---h-"hhlr"H'l'-rhh\.rr-‘-llrﬂq'i\.r.ﬂ.'ﬁbr.hu'-\.i

- mwopE = pE o,y E - e s e E. e -y Em T R R, EpR

et it ol B T e T

- -
P .

'-q--*-"-.-r.n-*q,hn'-.n--g\-'qr'.--q\--‘.-ﬁ\--‘-h\-'r-.-h-w-p"q-‘-"--q-.r--'h"\qq-r--hﬁr.--\-"nr{.--.u.:-‘.--.-'-‘.-kar'-hh--

LT - . '
v W W Frns T TR = m
.

.--.--:-':—"'\-.'- .J' t.-
'\
L

- S s
- e wm Lm om o e
. R

Byt e gt By e iy g

e
L wmEw
-|rr—-—.'-|'-r-—.-\.'-|-'vd—-|'-|r'{" AT TR T TS W s
e e .

'

-1
‘\-.'h-H-ﬁhrﬂhﬁvﬂkhrﬂ*ﬁh—"r"ﬁ\rr"'b.'\-r'.-"'i"b.-

. . oo .. Lo, et -_.. . . - R . . h . . . Lt e s . T . . . . . .
_ll----_- -l_-.-'l----|_-|-l_-_-_li-_ll--I-_-t-l_'w-_'_-_q_-l_q-'_-_-t-l- - -41-.".-.- -Il_"l'a--ll-.-_'--- - I‘_!-'\J_-_‘_I-I'r" -|".-a- l.-l-'-q'l-l--_llﬂ-_'h'-ld-l--‘_ --1‘ --ll -.-_'_-I- -|-_-|- _- q_-n-li-_-_--r‘-\a.-a---- S EA R = oy ok -II'---'«-"--'«-_-'l-_- -_I_-l_-lﬂ-lI-_'h‘--l'I-_l-l-l =Aaria=mgy.a .y

Y
b -II-I ‘:.':..'-" ‘-Ilh .o‘-.l.lt .-I-I‘.h ARt E R R ‘J.Irlhlu-l'lﬂlhln.llll.h --F-Ilht‘.‘.'-.-.-ﬂ"'h".lllﬁ ! - I'l'_l‘._ll--ll".-.‘-".h'.ﬂ ..l‘}‘}:. "‘.'.l.-l'l.'-.".‘--I"-.'-I-I"--.‘.'lh'-."-llh .‘-Il".'l."lﬂ.':*hiﬁh'.liﬁﬁ'ﬂ.'ﬁvil‘. =F e et R AR RS AR
. . . Lt v, .. T B R T R e T LT oLt B Lt T T T T e T T T T T T s T T T et s s e o Lt TLTLe . s o o o T
g . ® AN ¢ i )
R “Jr. ‘h e \. LS LY N
Y g - . v .
¥ v ' g . - :
% *, i RN 2 | .
A ' Y "'-..,‘ 1% . R
. e : u i
kL T F
LI

.-

Apr. 7, 2020 Sheet 9 of 11 US 10,616,805 B2

FIG. 10

.-

| o

A '-|--|--|--|--|--|--|--|-———————————-{——————-|--|--|-——————————‘———————————————————'
. L

‘i-i.1.1lb‘-.‘l.-.— .I-.- 1-i-.i-1.- I- .i. -.‘I -—.I s . --I-|'|. ) lillr .----. i .- .L L - i - '. i -‘I ||-.- .. ' .i.-.
+ . . L B LI R .. ] "“‘“‘“‘“‘“‘“‘“‘“‘“‘“‘“‘“‘“‘“““““““““““ ““““““E.-

i
e - . T T T . . e . . . .
m ok ok i.h--li.l-llilﬂ.iil-ii-.iili-li--- e wm -
T P . . C e e e g . - P . [

ooy r'-"ll"h: .

Y L M .""»..‘ " N

'--|ll|--t'--|ll|--"-‘il-'l!l--"l'ﬂ'-r-."'-"lll-r F.-'l"h.'-l-'—-li-'-'-!'-F."-h-!l-r L B e gl o
Th ot . . .o . el . S . . 1 ) .

o "

o .
o by oa 1

1
'{.-*.*-*-g R e L R L .-'."I«."h'v'-"".\r'f.-"."\."h:

. - - - ‘

. . .- .
i . |'| : Sy e T
fi i' " 1 .
. ' . - e B o e e e e e e e e e . .. .. . e e e .. . . [ '
. o - . . T . T T T T T T T e ' ' ' . PR P B . EE R T . g
Lo ﬁ‘lr-'-i—'—'-' '-|-lIl|r-'|1'-|-rl|-'-‘~|"i|l'||l--r-"- e e et . Al L L T I R N R N I 'H-.'—IFF-"-. .
1, "y e
L

i i -
‘. 1_" ,‘

\.' !
.&hq-‘ﬂh-;‘ﬂhr‘.‘ﬁh-rﬂ\-f-‘ hhr.ﬁh‘--‘ihq I‘.‘*‘Irf‘*'ﬁrt"‘l"ﬁr.“ﬁ"ﬂ-l’rﬂﬁ‘fr‘ "qh-r'-q,h-rr.-h'h\-'
L F. R
Fa 1 q
. e -

-

T
-y
-

-\-\.'-l'-l i % :i'l-

i.‘ 'll_-_- ..

"--r-,_-hh-r--\-h'.r*-.\"
i

'll.'ll—' - -

LR LN
L . f.

'u lIlll i._._!'-"l-. »

i
1
L]
.

'
e A F -m

|

ERE T B R - e . ' . DI ' . . ' LI . ' EE R B . PN - LI T TR T T B - . .
LW W - W F-TEY - WP - R FE - EEF - 1-"'—H-'l--‘---l-i—"1"r'—--'-'-'-l-.'l-l'----'-l'-l-'li"-I-“--I"r -
1 Lo . . e 1 1 1 .o e . . e R . . . . oo . . i T e - . 1 . N s 1 N .. . - .o

X, ;

L}

H

] l
F-II'-I--II'—-I-I-I-F-'—II-I--1“-'—'-‘-.-!--'—..'- B F -0 T WS- TR - W E +

¥ . . . o . .

...
l".

F

]
' . .
l-.-'-'.-i-il.i-'-r-l
e .

FoPRC T )

o A B ¥ A

"-u';ﬂ..
r

'Ir.ll".'\.-lr‘.-l‘."!l-..l'

d & F +- & 8 &F rad

.-'- R

. . . . . LT . . R . - . . PR . - . LT . . . . N . . . L. . L

'—'i-.-.--r--.-ll --.w---—,—'-..'| '+1-.5.'l|-'t|- ,-.-'n-'--'.—'.'-q,'lt-'-r P Y \-'1-'—"'.-'-1,--.,,-'-4-&--;-'\-'-.-&- - J-a.-h-.-r.Jl\,-h-.- 5\.'1-'--'.-" '-a.---r .—' qul-"--'.-'l-_- -‘-;— -hlr-r.—'-'-h-h---.h- - r.--u.-.---{-.-a.-r-h--.h"l-"-'.-' .a."r-—"-h"f-'—-‘l—"-'ﬁl-'a—l--a‘r-'—l—l e J-'-.--r--:,-- L L

. e . P Cayl L . T . s . . i . .. . K N . LT . . K
w'. B LD L

fﬂhlfﬁﬁiﬂﬁhlfﬂhtf"‘l"lpfHifrh‘lrf‘*“qr“‘“l‘r‘ﬁ‘i-r‘h.ﬁ--"‘h."ﬁ'rr"H.‘l--ﬁ‘\'lr'-"'||"Ir-ﬁ\t-'f’ﬁh"i"h'l'!-'r"'l\.‘l--l-pl"-l‘ll-r"‘il'\n"'r.r"‘-l‘lr'r"h‘r'"‘l!-r"ih.f*ﬁuﬂﬁh'rhﬁ-#ﬁ
. .. T . ) . ..'\ .. . LT L .. . oL, e T LT . .
e e T e e T T s g e D e T e
W B o A B AR N A A= -:-:-_ ii:-i-:—:l-.ii.-l-li.-l_l r.ili.l.i-:h‘-:l.i.-i:i.l_i.' _ili-_-:i_-l e i_r|-|.i:ljll e ll:-lll 1-:-:1_ L 1l.i.l:---l_ll_l neE A --_l_-‘:---1-_-_1'.--_-_-:1. - i_l:i a
- ] ' T

S . L B T,
Hr#*ﬁ‘-#ﬂhv'#ﬂhrﬂhh'r’ﬂ '\-"il'lr"..""‘h.".ll'.-l""q.'-Hﬁhufﬂhvi“\{lif'ﬁh'ﬂ*\hrf“ﬁ\"’f‘ "\-.1"1--".."

'.I -u.-i . -I-. I- . 0 . I-
- .-l I-‘. -.-I-.-I-I-- I-.-I-I-. --I-I
-_'l_l_l. Rk kWA - kN E

e

e ma .‘-

e e e e m e e a s R e e e e
'h.'-q-'r‘-*- byt A o et ey ey T ey et e ey g e

.I v, - "...

{ . . :
L ‘a n -k ~.
! ! s et : . ‘"L . . .. o . T v S LT, R 'l'-' L P T I T L - ! ' LT
- - _-‘.....--.' e m e e e ..:-'-..,..-'-\.--.--'.'-'...-...'-.,1..-..'.,'—.-.'-.'-1..- - e .'.........-......‘.'-.'......._'..'...-':,.“.'.'......-.-...-.‘......-'_......'.'.'........ T

- . ' . .

LA e ' n . N 1Y ¥

y SRS . . N : ;

. “a ' .' . L ' .
. . o 1 -

I e - .. ..._-_.-.-.'--‘._.--..n-_.-..'-\.._._.-.. P

‘ . . . '-:--'h . . " . . -

oo - T . 1 - P . - . P e s e . - - T . .
* owr sh odm -.‘- - om m - m sk o m - cm ool om = m e o m koo - m - = B m o= m th om m- = m om oy ‘Lh‘l—l S om dm oy s EE - Em mwm - = = o= om
o o= o - - . . - . . . L. . - i N - - - ..

¥
]
'
]
[ ]
1
]
-
[ ]
i
]
L
]
[ ]
1
]
-
"." el T "'.""

T \
& . i : |‘_' oo r. Ll
. O | o' 1. .|.|"l'.'...“h LD
- ! " ; o B

. ' ‘
T AR AR Eotb i otatle -r'-‘.“'."l'lr'f"."-."ﬂ"r'.r".‘*."lr'r'f" -.h';:.-.-u'\.- FAR R AN f,du-n- SAR A A -.-ﬂJ- MR LA e «*-. -, t\-u"".':- R !"r"""l-‘r e Tt etttk ol :u,*-. e bt e b
- ' ' ST IRy . . .- . R ..."ll"' . o )
g 'y e '.;' . _. 'I.'.' ..;‘FHH_% I|I|:.{l .'L. n

. L . . . . .. - . .
o M Y LI L L e TR ._-._*.-.—-l"'\'""- h‘h“ b -
. .- . - ., -, lliv..‘_ll-.-l‘r‘l - '- * -
« ] N ; B 1 ' 0
. v . e &', T N L] -1 L)
- * R N . et 3 -:~ :
i 4 .n ‘.. ¥ . "'".F." ) LA F, . -
Th - kN . R . w0 e i Y "
.- . . ='. M " . - L. .
A ! B A el v \ gt .

. "’ : . . . . ! . . . Uy LUt ."l'.'.' LT "'* S - oL |I . . . .'.. . . . L . . . e -+ . -
'.:‘_“"1- :-F:‘h_'ﬁ_':‘ ‘i.l'l._"'\-_'_‘_il'l. '\-_':‘_i:'l.'. I-“II‘.'-_-_' ‘i.j"l.:'_':"li-'l._' ‘_-‘i'l.'_- “‘ "|.I' - ‘i h‘l':“ﬂ-h "|.I' ‘I‘i. L L I .— "_"‘i.'l--‘ ‘i'I."I.'.:‘ ‘i‘i'l.'l‘ ‘i“ '|.'I' ‘i'I."I- - i'l - ! '.‘i- 'I-.'.' - ‘I*" +‘h'l.:- 11‘ ‘il'll '_i.‘i_'l.:'l‘:i:‘l.l"l.'-'li hl"'l-_'_‘-‘ 'I.:'l: .‘Ii-h:"-_' - ‘.'I;-:'_‘i h_"l: :‘_":'-_‘-_'.:' L - ‘ll

Y . . L. o A !
"|'-|r-—.-\.'-|l"|l'.—."-h||.‘-|lr.—.'-'-|- -,

F_'_."T.‘-.-l."r‘_'l""'.‘_.-l‘r

.":’r"r.'
']
1
1

I'I-"-I
oo
1-

1

L
.ﬂ:l.‘-w.-rr_--q-vr—...'.vr _.'q'..}‘!\..qu——.-rf.-—.-.'q-r—-t'-rr—{'.-rr.-—.-u-rr.—--u-rr——-q'rr 1-|-r-.—.-|'rr.—.'-|"-v-— i I
A . . . . . .
' - " '
-r"-H-r.r""-'h-rr‘-'i"q-rr“h."'q-v:.-'"-."--r".-‘i"-.-pr‘.f"“."-p"'i"q-;‘-"i.'q--.-"-."q-Fhﬁrfﬂhhrﬁﬁﬁffh‘q#ﬁhwflh\r

R R et T LT R T T T T T T T
-l".'i.'h"ir‘r".‘h."qr-ﬂ"-wf’-r" "-."-r-r"-"'i"-.'—'r'-‘iﬁ'-.l':l-.'h'!r"'i."l-'f.l"-.'-r'v.l“i."-"lr"_

-rr'

' Lt .

_f bl O
<
L]
E ]

a
o

- L ";"'.l"'."."‘.

f"

F 3

.
]

r-- ar -,

oo w s

Z

= -
I

ke r E o F

Thresholc




US 10,616,805 B2

Sheet 10 of 11

Apr. 7, 2020

U.S. Patent

Buili] Jwsues) jauueyd (onuoy

D T e e e I e e B e e e e e e S e e e e e e e A e e e e e e B e e e e R e e e e e e e e L e e e

Ll 9ld

[TYNIAHIL

HLIXIS

[TVNINYAL

HL1dl4

YNIANAL

H1¥NOA

TYNIN3L

[YNINNAL

ANQ2IS

YNIAYAL

15414



U.S. Patent Apr. 7, 2020 Sheet 11 of 11 US 10,616,805 B2

FIG. 12

300 200

[ BASE |

STATION TERMINAL

REGISTRATION REQUEST ____/5205'

TERMINAL IDENTIFIER

v

ANSMISSION TIME

SIGNAL TR /5212

5220% | DETERMINE A SUBCARRIER
R INDEX

K
2230+ TCOMPONENT OF A
| REFERENCE SIGNAL

TRANSMIT THE REFERENCE SIGNAL WITHIN
THE SIGNAL TRANSMISSION TIME ~

| MEASURE THE SIGNAL

|  STRENGTH OF EACH

| SUBCARRIER COMPONENT
| OF THE REFERENCE SIGNAL

~.-S250

DETERMINE A FIRST | cnr
CANDIDATE SET >260

DETERMINE A SECOND | cogs
CANDIDATE SET w40

| DECODE THE REFERENCE |
| SIGNAL AND IDENTIFY THE |-

TERMINAL




US 10,616,305 B2

1

OPERATION METHODS OF TERMINAL AND
BASE STATION IN MOBILE
COMMUNICATION NETWORKS

CLAIM FOR PRIORITY

This application claims priorities to Korean Patent Appli-
cations No. 2016-0102593 filed on Aug. 11, 2016 and No.

2017-0097849 filed on Aug. 1, 2017 1n the Korean Intellec-
tual Property Oflice (KIPO), the entire contents of which are
hereby incorporated by reference.

BACKGROUND

1. Technical Field

The present disclosure relates to methods of operating a
terminal and a base station in a mobile communication
network, and more particularly, to methods of operating a
terminal and a base station to enable the base station to
identily the terminal transmitting a signal.

2. Related Art

A communication system includes a core network (e.g., a
mobility management entity (MME), a serving gateway
(SGW), a packet data network (PDW)), a base station (e.g.,
a macro base station, a small base station, a relay, etc.), a
terminal, and the like.

Communications between the base station and the termi-

nal may be performed using various radio access technolo-
gies (RATs) (e.g., a 4” generation (4G) communication
technology, a 57 generation (5G) communication technol-
ogy, a wireless broadband (WiBro technology, a wireless
local area network (WLAN) technology, etc.).
In a conventional mobile communication network, an
orthogonal transmission scheme has been adopted for uplink
signal transmission. That 1s, terminals may transmit uplink
signals using orthogonal resources in the time or frequency
domain, and a base station may demodulate the signals
received from the terminals without being affected by inter-
ferences.

However, 1n order for orthogonality to be guaranteed for
uplink signal transmission of terminals, the terminals are
required to receive scheduling information from the base
station. For this, a process, 1n which the terminal transmaits
a scheduling request (SR) to the base station and the base
station transmits scheduling information to the terminal 1n
response to the SR, 1s required. This process results in delay
and power consumption in the uplink signal transmission. In
particular, 1n a case that the amount of uplink data trans-
mission 1s small and the number of uplink signal transmis-
s1ons 1s large, inefliciency of such the orthogonal transmis-
sion scheme may be remarkably increased.

In order to overcome the above-described problems, a
non-orthogonal or contention-based transmission scheme
may be used for uplink transmission. However, there 1s
currently no clear solution for non-orthogonal uplink trans-
mission scheme 1n a licensed band mobile communication
network. In the case of the non-orthogonal, contention-based
scheme, the base station may not know at what frequency
components the terminal transmits the uplink signal. A base
station may 1dentify the terminal transmitting a signal by
using a speciiic pattern transmitted by the terminal. How-
ever, 1n a case that the number of terminals connected to the
base station 1s large, 1dentification of the terminal by the base
station may become diflicult.
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2
SUMMARY

Accordingly, exemplary embodiments of the present dis-
closure are provided to substantially obviate one or more
problems due to limitations and disadvantages of the related
art.

Exemplary embodiments of the present disclosure pro-
vide methods of operating a terminal and a base station in a
mobile communication network. More specifically, the
exemplary embodiments of the present disclosure provide
methods of operating a terminal and a base station to enable
the base station to identily the terminal transmitting a signal.

Technical objects of the present disclosure are not limited
to the alorementioned technical objects and other technical
objects which are not mentioned will be apparently appre-
ciated by those skilled 1n the art from the following descrip-
tion.

In order to achieve the above-described objective, an
aspect of the present disclosure provides an operation
method of a terminal 1n a mobile communication network.
The method may comprise receiving a terminal i1dentifier
from a base station; generating a plurality of interleaving
parameters based on the terminal identifier; dividing a
channel-coded data block 1nto a plurality of sub-blocks, and
performing a block interleaving on each of the plurality of
sub-blocks using the plurality of interleaving parameters;
and transmitting the plurality of sub-blocks on which the
block interleaving has been performed, wherein an inter-
leaving pattern of the block interleaving for each of the
plurality of sub-blocks 1s determined by the plurality of
interleaving parameters.

The plurality of interleaving parameters may be generated
by dividing the terminal identifier into a plurality of bit
strings of a predetermined size; and determining numbers
represented respectively by the plurality of bit strings as the
plurality of interleaving parameters.

The terminal 1dentifier may include a Cell Radio Network
Temporary Identifier (C-RNTT).

The terminal 1dentifier may have a size of 16 bits, the
plurality of interleaving parameters may be generated by
dividing the terminal identifier into four bit strings each of
which has a size of 4 bits; and determining numbers repre-
sented respectively by the four bit strings as first to fourth
interleaving parameters.

The block interleaving may be performed by interleaving
bit strings of each of the plurality of sub-blocks using the
first interleaving parameter; interleaving the bit strings inter-
leaved by the first interleaving parameter using the second
interleaving parameter; interleaving the bit strings inter-
leaved by the second interleaving parameter using the third
interleaving parameter; and interleaving the bit strings inter-
leaved by the third interleaving parameter using the fourth
interleaving parameter.

The method may further comprise receiving a random
sequence from the base station; and performing a random
interleaving on each of the plurality of sub-blocks on which
the block interleaving has been performed by using the
random sequence.

The method may further comprise performing a scram-
bling on each of the plurality of sub-blocks on which the
block interleaving has been performed.

The scrambling on each of the plurality of sub-blocks may
be performed by adding a pseudo-random sequence to each
of the plurality of sub-blocks on which the block interleav-
ing has been performed; and calculating remainders
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obtained by dividing each component of each of the plurality
of sub-blocks to which the pseudo-random sequence 1is
added by two.

The method may further comprise receiving iformation
about a signal transmission time allocated to the terminal
identifier, and 1n the transmitting the plurality of sub-blocks,
the plurality of sub-blocks may be transmitted at the signal
transmission time allocated to the terminal 1dentifier.

In order to achieve the above-described objective, another
aspect of the present disclosure provides an operation
method of a terminal 1n a mobile communication network.
The method may comprise receiving a terminal i1dentifier
from a base station; determining a subcarrier index based on
the terminal 1dentifier; determining, based on the subcarrier
index, a signal strength of each subcarrier component; and
transmitting a reference signal according to the determined
signal strength of each subcarrier component.

In the determining a signal strength of each subcarrier
component, a signal strength of a subcarrier component
corresponding to the determined subcarrier index may be set
to be greater than a threshold value, and signal strengths of
remaining subcarrier components may be set to be equal to
or lower than the threshold value.

The signal strength of each subcarrier component may be
determined by dividing the terminal identifier into a plurality
of bit strings of a predetermined size; and determining
numbers represented respectively by the plurality of bit
strings as interleaving parameters.

The terminal identifier may 1nclude a Cell Radio Network
Temporary Identifier (C-RNTT).

The terminal identifier may have a size of 16 bits, and the
subcarrier index may be determined by dividing the terminal
identifier into four bit strings each of which has a size of 4
bits; and determining the sub-carrier index based on num-
bers represented respectively by the four bit strings.

The method may further comprise receiving information
about a signal transmission time allocated to the terminal
identifier, wherein, in the transmitting the reference signal,
the reference signal 1s transmitted at the signal transmission
time allocated to the terminal 1dentifier.

In order to achieve the above-described objective, yet
another aspect of the present disclosure provides an opera-
tion method of a base station 1n a mobile communication
network. The method may comprise transmitting a terminal
identifier to a terminal; receiving a reference signal from the
terminal; measuring a signal strength of each of subcarrier
components of the reference signal; determining a subcarrier
index used for generating the reference signal based on the
measured signal strength of each of subcarrier components
of the reference signal; determining, based on the subcarrier
index, a first candidate set for the terminal transmitting the
reference signal; and identifying the terminal transmitting,
the reference signal within the first candidate set.

The subcarrier index may be determined by comparing
the measured signal strength of each of the subcarrier
components of the reference signal with a threshold value;
and determining the subcarrier index from a result of the
comparison.

The subcarrier index may be determined by decoding the
reference signal using decoding schemes corresponding to
terminals imncluded 1n the first candidate set; and identifying,
the terminal transmitting the reference signal by performing,
a cyclic redundancy check (CRC) on a result of the decod-
ng.

The method may further comprise grouping terminal
identifiers mto a plurality of groups; allocating a signal
transmission time to each of the plurality of groups; and

10

15

20

25

30

35

40

45

50

55

60

65

4

transmitting information about a signal transmission time
allocated to a group to which the terminal belongs.

The method may further comprise determiming a second
candidate set for the terminal transmitting the reference
signal based on a time at which the reference signal 1s
received from the terminal and, 1in the i1dentifying the ter-
minal, the terminal transmitting the reference signal may be
identified within an intersection of the first candidate set and
the second candidate set.

According to embodiments of the present disclosure, the
base station can i1dentily a terminal transmitting the uplink
signal even 11 the terminal 1s not allocated uplink resource
from the base station. Further, the base station can determine
a candidate set for the terminal transmitting the uplink signal
based on a signal strength of each subcarrier component of
the uplink signal or a transmission time of the uplink signal.
Thus, a process by which the base station identifies the
terminal may be simplified.

BRIEF DESCRIPTION OF DRAWINGS

Example embodiments of the present mvention will
become more apparent by describing in detall example
embodiments of the present invention with reference to the
accompanying drawings, i which:

FIG. 1 1s a conceptual diagram illustrating a first embodi-
ment of a cellular communication system:;

FIG. 2 15 a block diagram illustrating a transmission end
of a terminal according to a first embodiment of the present
disclosure;

FIG. 3 15 a block diagram illustrating a transmission end
of the terminal according to a second embodiment of the
present disclosure;

FIG. 4 1s a flowchart illustrating an uplink signal trans-
mission process ol the terminal 200 according to a third
embodiment of the present disclosure;

FIG. § 1s a flowchart illustrating an uplink signal trans-
mission procedure according to a fourth embodiment of the
present disclosure;

FIG. 6 1s a conceptual diagram illustrating an allocation of
the transmission time for each of groups;

FIG. 7 1s a flowchart illustrating uplink signal transmis-
s10n process according to a fifth embodiment of the present
disclosure;

FIG. 8 1s a conceptual diagram showing reference signal
transmission of the terminal 200 1n the time domain;

FIG. 9 1s a graph showing the strength of signal received
by the base station 300 1n a case that seven terminals
transmit reference signals;

FIG. 10 1s a graph showing performance of the base
station 300 determining a candidate set according to the
threshold value;

FIG. 11 1s a conceptual diagram illustrating reference
signal transmission of terminals; and

FIG. 12 1s a flowchart illustrating an uplink signal trans-
mission process according to a sixth embodiment of the
present disclosure.

DESCRIPTION OF EXAMPLE EMBODIMENTS

Embodiments of the present disclosure are disclosed
herein. However, specific structural and functional details
disclosed herein are merely representative for purposes of
describing embodiments of the present disclosure, however,
embodiments of the present disclosure may be embodied 1n
many alternate forms and should not be construed as limited
to embodiments of the present disclosure set forth herein.
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Accordingly, while the present disclosure 1s susceptible to
vartous modifications and alternative forms, specific
embodiments thereol are shown by way of example 1n the
drawings and will herein be described 1n detail. It should be
understood, however, that there 1s no intent to limit the
present disclosure to the particular forms disclosed, but on
the contrary, the present disclosure 1s to cover all modifi-
cations, equivalents, and alternatives falling within the spirit
and scope of the present disclosure. Like numbers refer to
like elements throughout the description of the figures.

It will be understood that, although the terms first, second,
ctc. may be used herein to describe various elements, these
clements should not be limited by these terms. These terms
are only used to distinguish one element from another. For
example, a first element could be termed a second element,
and, similarly, a second element could be termed a first
clement, without departing from the scope of the present
disclosure. As used herein, the term “and/or” includes any
and all combinations of one or more of the associated listed
items.

It will be understood that when an element 1s referred to
as being “connected” or “coupled” to another element, 1t can
be directly connected or coupled to the other element or
intervening elements may be present. In contrast, when an
clement 1s referred to as being “directly connected” or
“directly coupled” to another element, there are no inter-
vening elements present. Other words used to describe the
relationship between elements should be interpreted 1n a like
fashion (1.e., “between” versus “directly between,” “adja-
cent” versus “directly adjacent,” etc.).

The terminology used herein 1s for the purpose of describ-
ing particular embodiments only and 1s not mtended to be
limiting of the present disclosure. As used herein, the
singular forms ““a,” “an” and “the” are intended to include
the plural forms as well, unless the context clearly indicates
otherwise. It will be further understood that the terms
“comprises,” “comprising,” “includes” and/or “including,”
when used herein, specily the presence of stated features,
integers, steps, operations, elements, and/or components, but
do not preclude the presence or addition of one or more other
features, integers, steps, operations, elements, components,
and/or groups thereof.

Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which this present disclosure belongs. It will be further
understood that terms, such as those defined 1n commonly
used dictionaries, should be interpreted as having a meaning,
that 1s consistent with theirr meaning 1n the context of the
relevant art and will not be interpreted in an 1dealized or
overly formal sense unless expressly so defined herein.

Hereinafter, embodiments of the present disclosure will
be described 1n greater detail with reference to the accom-
panying drawings. In order to facilitate general understand-
ing 1n describing the present disclosure, the same compo-
nents in the drawings are denoted with the same reference
signs, and repeated description thereof will be omitted.

Hereinafter, wireless communication networks to which
exemplary embodiments according to the present disclosure
will be described. However, wireless communication net-
works to which exemplary embodiments according to the
present disclosure are applied are not restricted to what wall
be described below. That 1s, exemplary embodiments
according to the present disclosure may be applied to
various wireless communication networks.

FI1G. 1 1s a conceptual diagram 1llustrating a first embodi-
ment of a cellular communication system.
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Retferring to FIG. 1, a communication system 100 may
comprise a plurality of communication nodes 110-1, 110-2,
110-3, 120-1,120-2, 130-1, 130-2, 130-3, 130-4, 130-5, and
130-6. Also, the communication system 100 may comprise
a core network (e.g., a serving gateway (S-GW), a packet
data network (PDN) gateway (P-GW), a mobility manage-
ment entity (MME), and the like).

The plurality of communication nodes may support 47
generation (4G) communication (e.g., long term evolution
(LTE), LTE-advanced (LTE-A)), or 57 generation (5G)
communication defined in the 3’ generation partnership
project (3GPP) standard. The 4G communication may be
performed 1n a frequency band below 6 gigahertz (GHz),
and the 5SG communication may be performed 1n a frequency
band above 6 GHz. For example, for the 4G and 5G
communications, the plurality of communication nodes may
support at least one communication protocol among a code
division multiple access (CDMA) based communication
protocol, a wideband CDMA (WCDMA) based communi-
cation protocol, a time division multiple access (TDMA)
based communication protocol, a frequency division mul-
tiple access (FDMA) based communication protocol, an
orthogonal frequency division multiplexing (OFDM) based
communication protocol, an orthogonal frequency division
multiple access (OFDMA) based communication protocol, a
single carrier PUMA (SC-FDMA) based communication
protocol, a non-orthogonal multiple access (NOMA) based
communication protocol, and a space division multiple
access (SDMA) based communication protocol. Also, each
of the plurality of communication nodes may have the
following structure.

FIG. 2 1s a block diagram illustrating a transmission end
of a terminal according to a first embodiment of the present
disclosure.

In the embodiment illustrated in FIG. 2, a transmission
end of a terminal 200 1s 1llustrated as including multiple
function blocks. Function blocks may be physically sepa-
rated from each other, but they may exist as integrated. For
example, functions performed 1n a plurality of function
blocks may be performed 1n a single function block.

Retferring to FIG. 2, a channel coding block 210 may
receive data to be transmitted by a terminal 200. The channel
coding block 210 may output a channel-coded data block
according to the input data. The channel coded data block
output from the channel coding block 210 may represent a
data transmitted by the terminal 200. The channel coded data
block may be 1nput to interleaving block 220.

The interleaving block 220 may divide the channel-coded
data block 1nto a plurality of sub-blocks. The interleaving
block 220 may perform a block interleaving on each of the
plurality of sub-blocks. An interleaving pattern of the block
interleaving may depend on terminal identifier of the termi-
nal 200 described later. Interleaved sub-blocks may be input
to the modulation block 230.

The modulation block 230 may modulate and change a
phase of signal according to the plurality of sub-blocks on
which the block interleaving has been performed. The
modulation block 230 may add a reference signal or the like.
The modulation block 230 may perform scrambling. The
scrambling may mean changing a bit string of the sub-blocks
according to a predetermined rule.

A pseudo-random sequence may be used for the scram-
bling, which will be described 1n detail below. A bit string
output from the modulation block 230 may be mnput to the
padding block 240. The padding block 240 may change the
length of the bit string received from the modulation block
230. For example, the padding block 240 may add prede-
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termined sequence to the bit string so that the length of the
bit string 1s equal to a predetermined size.

According to FIG. 2, the terminal 200 may transmit an
uplink signal using a single carrier modulation scheme.
However, the embodiment of the present disclosure 1s not
limited thereto.

FIG. 3 1s a block diagram 1llustrating a transmission end
of the terminal according to a second embodiment of the
present disclosure. In the {following description of the
embodiment of FIG. 3, the description overlapping with
FIG. 2 1s omitted.

Referring to FIG. 3, a signal output from the modulation
block 230 may be mput to an OFDM block 250. The OFDM
block 250 may perform mverse fast Fourier transformation
(IFFT) of the input signal. The OFDM block 250 may insert
Cyclic Prefix (CP) between OFDM subcarriers. The uplink
signal may be transmitted by a multi-carrier scheme.

FIG. 4 1s a flowchart 1llustrating an uplink signal trans-
mission process of the terminal 200 according to a third

embodiment of the present disclosure.

Referring to FIG. 4, 1n step S105, the terminal 200 may
transmit a registration request. The base station 300 may
receive the registration request from the terminal 200. The
base station 300 may manage mnformation about the terminal
200, and provide services to the terminal 200. The informa-
tion of the terminal 200 may comprise a terminal identifier.
For example, the terminal identifier may comprise Cell
Ratio Network Temporary Identifier (C-RNTI). The terminal
identifier may have a size of 16 bits. However, the above-
described examples and numerical values are 1llustrative and
the embodiments of the present disclosure are not limited
thereto. For example, the terminal identifier may have size
smaller than or larger than 16 bats.

In step S110, the base station 300 may transmit the
terminal identifier in response to the registration request.
The terminal 200 may receive the terminal i1dentifier from
the base station 300.

In step S115, the base station 300 may transmit a random
sequence. The terminal 200 may recerve the random
sequence from the base station 300. The random sequence
may be used in the random interleaving process described
below. In step S110, the base station 300 may transmit
dafl Terent terminals. On the

‘erent terminal identifiers to di
other hand, 1n step S115, the base station 300 may transmit
the same random sequence to terminals within a coverage of
the base station 300. The base station 300 may further
transmit the cell ID of the base station 300 together with the
random sequence.

In step S120, the terminal 200 may determine interleaving,
parameters. The terminal 200 may determine the interleav-
ing parameters based on the terminal identifier received
from the base station 300. For example, the process by
which the terminal 200 generates the interleaving param-
cters may be expressed as Equation 1.

RNTI,,=[1 01 1001100010120 0]

=1 01 1170011700017 [0 1Q0

=|lay a a a3 ]

In Equation 1, RNTI,,. may mean a terminal identifier,
and a,, a,, a,, and a, mean the interleaving parameters of the
terminal 200.
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Referring to Equation 1, the terminal 200 may determine
the interleaving parameters from s bit string of the terminal
identifier RNTI,,.. The terminal 200 may divide the bat
string of the terminal 1dentifier RNTI, . into a plurality of bit
strings of a predetermined size. As shown in Equation 1, 1n
a case that the RNTI, . has a size of 16-bits, the terminal 200
may divide the RNTI, .. into bit strings each of which has a

s1ize ol 4 bits. For example, the terminal 200 may sequen-
tially divide [1 01100110001 01 0 0], and output [1

011],[0011],[0001],and [0 1 0 0]. Although Equation
1 shows an example 1n which the bit string of RNTI, . 1s
sequentially divided, the embodiments of the present dis-
closure are not limited thereto. For example, k-th bit string
may include (4n+k)-th (n=0, 1, 2, 3; k=1, 2, 3, 4) compo-
nents of bit string of RNTI, ..

The terminal 200 may change binary numbers represented
respectively by the bit strings [1 01 1], [00 1 1], [0 0 0 1],
and [0 1 0 0] mto decimal numbers and output the decimal
numbers as the interleaving parameters a,, a,, a,, and as,
respectively.

In step S140, the terminal 200 may interleave the channel-
coded data block b (.) by using the interleaving parameters
a,, 4, a,, and a,. The terminal 200 may interleave channel-
coded data block with a block interleaving scheme. The
terminal 200 may divide the channel-coded data block nto
a plurality of sub-blocks. The terminal 200 may interleave
cach of the plurality of sub-blocks. Interleaving in the block
interleaving process may be performed for each sub-block,
and an order of the bit string may be changed within each
sub-block. An index 1 for the block interleaving may be
expressed as Equation 2.

i=[z mod L;;,]

z=0,1,2, ... .,D-1 [Equation 2]

In Equation 2, D may mean a bit size of the channel coded
data block output from the channel coding block 210. L,
may mean a bit size of each the sub-blocks 1n the block
interleaving. For example, if the bit size of each the sub-
blocks L, , =32, index 1 may have one of values from 0 to 31.
The channel coded data block may be divided into the
plurality of sub-blocks each of which has a size of 32 bits.
Since the index 1 1s used 1n the block interleaving process,
an order of bit string may be changed only within a 32-bat
sized sub-block in the block interleaving process. Thus,
interleaving and deinterleaving processes of the channel
coded data block may be simplified.

According to Equation 2, the number of sub-blocks in the
block interleaving may be

Lisy

|[Equation 1]

If D 1s not a multiple of L., the terminal 200 may add a
padding sequence shorter than [, , to the channel coded data
block. The padding sequence may be a sequence of all zeros.
The terminal 200 may add the padding sequence to the
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channel-coded block so as to be ((D+n,,,,4,.) mod L, )=0.
Here, n,, ;.. may mean a bit size ot the padding sequence.

In the block interleaving process, the terminal 200 may
perform block interleaving multiple times consecutively. For
example, the first interleaving process may be expressed as

Equation 3.

sol(as + DmodL;,,) = b(i), |[Equation 3]

51((1"'21'“’ ) (imod2) + [%D = so(i)

In Equation 3, b(1) may mean the 1-th component of the
channel-coded data block output from the channel coding
block 210. a mod b may mean the remainder obtained by
dividing a by b.

Referring to Equation 3, the terminal 200 may interleave
the channel-coded data block on a block-by-block basis
using a first interleaving parameter a, among the interleav-

ing parameters a,, a,, a,, and a;. The terminal 200 may
interleave one of the sub-blocks to obtain a bit string s,. The
terminal 200 may obtain a bit string s, by interleaving the bit
string s, according to Equation 3. The terminal 200 may
obtain the bit string s, as a result of the first interleaving
pProcess.

When the first interleaving process 1s completed, the
terminal 200 may perform a second interleaving process
using a different interleaving parameter than the first inter-
leaving parameter a, used in the first interleaving process.
For example, the terminal 200 may interleave the bit string
s, using a second interleaving parameter a,. The second
interleaving process may be expressed as Equation 4.

sa((az + HmodLiy, = s1(D), [Equation 4]

53(2- B] FU+ Loy —[2- f])mndz) = 5, (i)

Referring to Equation 4, the terminal 200 may interleave
the bit string s, resulting from the first interleaving process.
The terminal 200 may obtain a bit string s, as shown 1n
Equation 4 using a second interleaving parameter a,. The
terminal 200 may interleave the bit string s, and obtain a bit
string s;.

When the second interleaving process 1s completed, the
terminal 200 may perform a third interleaving process using
a different interleaving parameter than the first interleaving
parameter a, and the second interleaving parameter a, used
in the first and second interleaving process. For example, the
terminal 200 may interleave bit string s, using a third
interleaving parameter a,. The third interleaving process
may be expressed as Equation 5.

s4((a; + DmodLyy,) = s3(i), [Equation 5]

L:” | (imod4) + H)

s5(0) = sa -

Referring to Equation 5, the terminal 200 may interleave
the bit string s, resulting from the second interleaving
process using the third interleaving parameter a,. The ter-
minal 200 may obtain the bit string s, as shown 1n Equation
5 using the third interleaving parameter a,. The terminal 200
may interleave bit string sy and obtain a bit string s,,.
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When the third interleaving process 1s completed, the
terminal 200 may perform a fourth interleaving process
using a different interleaving parameter than the first through
third interleaving parameters a,, a,, and a; used 1n the first
to third interleaving process. For example, the terminal 200
may interleave the bit string s. using a fourth interleaving
parameter a,. The fourth interleaving process may be
expressed as Equation 6.

Lig,)=ss(l) [Equation 6]

Referring to Equation 6, the terminal 200 may interleave
the bit string s. using the fourth interleaving parameter a,.
The terminal 200 may interleave the bit string s. and obtain
a bit string s.

As described with reference to Equations 3 to 6, 1if the
interleaving 1s performed a plurality of times using the
interleaving parameters, in most cases, the interleaving
pattern may be uniquely determined according to the iden-
tifier RNTI, . of the terminal 200. That 1s, terminals having
different terminal identifiers may interleave each of the
sub-blocks with diflerent interleaving patterns. Accordingly,
the base station 300 may identily the terminal 200 trans-
mitting an uplink signal by deinterleaving the uplink signal
received from the terminal 200.

In step S1350, the terminal 200 may perform random
interleaving. The terminal 200 may perform random inter-
leaving using the random sequence received 1n step S115.
For example, the random sequence may be expressed as
Equation 7. The random sequence may be changed accord-
ing to the design of the system rather than the sequence
expressed 1 Equation 7. Any random sequence may be
applied 11 the terminal 200 and the base station 300 share
information about the random sequence.

se((ag+i)mod

v,..()={21,15,2,13,27,14,11,5,17,8,31,3,29,22,10,
19}

(1={12,9,6,24,16,23,18,7,26,30,4,0,25,20,1,28)  [Equation 7]

Vi mas

In Equation 7, v,__, may mean a first random sequence
used to interleave the real part of the sub-block. v,,, . may
mean a second random sequence used to interleave the
imaginary part of the sub-block.

Referring to Equation 7, the size of each of the first
random sequence and the second random sequence may be
half of size of the block L., (lor example, 32 bits). The
numerical arrangement of the first random sequence and the
second random sequence shown 1n Equation 7 1s merely an
example, and the embodiment 1s not limited thereto.

The terminal 200 may interleave bit string s, obtained
through Equation 6 using the first random sequence and the
second random sequence. The random 1interleaving process

may be expressed as Equation 8.

|Equation 8]

SFEGE((L;{F ) M+ r?) = S6(Vreat(i)),

Sinae [ 222 )1+ 1] = S50 (1)

In Equation 7, s,__, may mean a bit string used for a real
part ot an uplink signal. And s, .. may mean a bit string

used 1n the imaginary part of the uplink signal. The range of
m 1n Equation 8 may be determined by Equation 9.

m=0,1,2, ... . D/I(L,;/2)-1 [Equation 9]

Referring to Equation 9, the value of m may have one of
the values from O to D/(L,, /2)-1. The value of m may be
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different for each of the plurality of sub-blocks. The value of
m applied to each block may be determined randomly. For
example, the value of m applied to each of the plurality of
sub-blocks may be determined from a random row of
matrices of Latin squares. For example, 1f the row deter-
mimng the m value 1s [0, 1, 2, 3, 4], m=0 1s applied to the
interleaving of a first sub-block. And m=1 1s applied to a
second sub-block. In this case, interleaving may be per-
formed for each of the plurality of sub-blocks, and the
interleaving may not be performed between different sub-
blocks.

As another example, 11 the row determining the m value
1s [1, 2, 4, 0, 3], components of a bit string of the second
sub-block are arranged i the first sub-block, and compo-
nents of a bit string of the first sub-block are arranged 1n the
fourth sub-block. That 1s, interleaving between different
sub-blocks may be performed.

The interleaving process has been described above with
reference to Equations (1) to (9). In the interleaving process,
the mterleaving parameters a,, a,, a, and a; determined from
the terminal 1dentifiers are used. In the above example, each
of a,, a,, a, and a, may have a value of 0 to 15. However,
the embodiments of present disclosure are not limited
thereto. For example, 11 the number of terminals connected
to the base station 300 1s small, the terminal 200 may limit
the range of the values of the interleaving parameters to
turther simplify interleaving process. For example, the ter-
minal 200 may limit the values of the interleaving param-
eters to O to 2. In this case, the terminal 200 may determine
the interleaving parameters as the remainders obtained by
dividing each of the numbers represented respectively by
our bit strings each of which has a size of 4 bits. However,
the method by which the terminal 200 determines the
interleaving parameter 1s not limited to the above-described
example.

The terminal 200 may transmit the plurality of sub-blocks
on which the block interleaving and the random interleaving
have been performed. As another example, the terminal 200
may further perform scrambling on the plurality of sub-
blocks on which the block interleaving and the random
interleaving have been performed.

Referring again to FIG. 4, 1n step S160, the terminal 200
may perform scrambling on the plurality of sub-blocks on
which the block interleaving has been performed. In the
scrambling process, the terminal 200 may change bit com-
ponents of the sequence according to predetermined rules.
For example, the terminal 200 may perform scrambling
according to Equation 10.

Ereaf(i):(‘grecﬂ(f) +C(5)RNTIE€H)IHD d 2:

€ imag\ D)= (Simag D)+ +c(i) gy ymod 2 [Equation 10]

Referring to Equation 10, the terminal 200 may perform
the scrambling on a bit string s, __, to obtain a bit string e,__..
The terminal 200 may perform scrambling on the bit string
S;mag (0 Obtain a bit string ¢, ... 'The terminal 200 may add
a pseudo-random sequence c(1)gx7y , to the bit string s,
and then perform a 2-modulo operation to obtain a bit string
¢,..;. Bach component of the bit string e, , may be O or 1.
The terminal 200 may add the pseudo-random sequence to
bit string s, and then perform a 2-modulo operation to
obtain the bit string ¢ Each component of the bit string
€, mae AY be O or 1.

lhe pseudo-random sequence c(1)zn7y , may be deter-
mined by the cell ID of the base station 300 to which the
terminal 200 belongs. For example, the pseudo-random
sequence may be determined by Equation 11.

imag:
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(i) pntr, ;X ((+50)+x,({+50) )mod 2
X (i+31)=(x(i+3)+x,(i))mod 2
X5 (143 )=(x5(1+3)+x5,(1+2)+x5,(F+1 )+x,(i) )mod 2,

i=0,1,2, ... .,D-1 [Equation 11]

In Equation 11, imitial shift register value of x; may be
determined to be x,(0)=1, {x,(k)=0, k=1, 2, . . . 30}. In
addition, the inmitial shift register value of x, may be deter-
mined depending on the cell ID of the base station 300. For
example, the 1nitial shift register value of x, may be deter-
mined by Equation 12.

> o PRNTIL (k) 2=, _ %%, (k)-2" [Equation 12]

The sequence x, may be determined to satisiy equation 11
and equation 12. Referring to equation 12, the sequence x,
may depend on the cell ID RNTI ., , of the base station 300.
The terminal 200 may perform a 2-modulo operation on
each component of sum of sequence x, and sequence X, to
obtain a pseudo-random sequence. The terminal 200 may
perform scrambling using the pseudo-random sequence.

In step S170, the terminal 200 may transmait the plurality
of sub-blocks on which the block interleaving has been
performed through an uplink signal. The base station 300
may receive the uplink signal from the terminal 200.

In step S180, the base station 300 may demodulate the
uplink signal received from the terminal 200. In the demodu-
lation process, the base station 300 may perform deinter-
leaving process. The base station 300 may vernily a result of
the demnterleaving process while applying different deinter-
leaving schemes. The base station 300 may check whether
the deinterleaving i1s normally performed, and check an
interleaver of the uplink signal. The base station 300 may
identily the terminal 200 transmitting the uplink signal by
checking the interleaver of the uplink signal.

As described above, the base station 300 may 1dentily the
terminal 200 by checking the interleaver in the process of
demodulating the uplink signal. However, 1f the number of
terminals connected to the base station 300 1s large, 1t may
be diflicult to check all interleavers available from the base
station 300. Accordingly, the base station 300 may allocate
a signal transmission time to each of the terminals. In a case
that the base station 300 identifies a terminal transmitting the
uplink signal, the base station 300 may consider only a
candidate set determined according to the time of transmis-
sion of uplink signal, not all terminals.

FIG. 5 1s a flowchart illustrating an uplink signal trans-
mission procedure according to a fourth embodiment of the
present disclosure. In the following description of the
embodiment of FIG. 5, the description overlapping with
FIG. 4 1s omitted.

Reterring to FIG. 5, 1n step S102, the base station 300 may
group terminal identifiers into a plurality of groups. The base
station 300 may allocate a signal transmission time to each
of the groups. The base station 300 may allocate difierent
signal transmission times to diflerent groups.

In step S112, the base station 300 may transmit informa-
tion about the signal transmission time allocated to the
terminal 1dentifier of the terminal 200. The terminal 200 may
receive the mmformation about the signal transmission time
from the base station 300. The terminal 200 may receive the
information about the signal transmission time and deter-
mine the time to transmit the uplink signal.

In step S170, the terminal 200 may transmait uplink signal
within a signal transmission time allocated to the terminal
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200. The terminal 200 may transmit the sub-blocks on which
the block interleaving has been performed through uplink
signal.

FIG. 6 1s a conceptual diagram 1llustrating an allocation of
the transmission time for each of groups.

Referring to FIG. 6, each of the groups may include a
plurality of terminal 1dentifiers. For example, the first group
may include terminal i1dentifiers in the range of 3FCO to
3FCF. The second group may include terminal 1dentifiers 1n
the range of 3FDO to 3FDF. The base station 300 may
allocate diflerent signal transmission times to different
groups.

For example, the base station 300 may receive uplink
signal within an interval A. In this case, the base station 300
may limit the range of the terminal identifier to 3FCO to
3FCF, 3F20 to 3F2F, and 3F10 to 3F1F. As another example,
in a case that the base station 300 recerves uplink signal

within an mnterval B, the base station 300 may limit the range
of the terminal identifier to 3FDO to 3FDEFE, 3F60 to 3F6F,

3F70 to 3F7F.

The base station 300 may identify a terminal within a
limited group based on the time of reception of the uplink
signal. For example, in a case that the base station 300
receives the uplink signal within the A interval, the number
of deinterleaving schemes may be reduced in consideration
of the above-described range of the terminal 1dentifier. By
reducing the number of cases of the deinterleaving schemes
of the base station 300, time and resources for signal
demodulation and 1dentification of terminal may be reduced.

FIG. 7 1s a flowchart 1llustrating uplink signal transmis-
s10n process according to a fifth embodiment of the present
disclosure.

In step S205, the terminal 200 may transmit a registration
request. The base station 300 may receive the registration
request from the terminal 200. The base station 300 may
manage information of the terminal 200 and provide a
service to the terminal 200. For example, the terminal
identifier may comprise Cell Ratio Network Temporary
Identifier (C-RNTT). The terminal identifier may have a size
of 16 bits. However, the above-described examples and
numerical values are illustrative only and the embodiments
of the present disclosure are not limited thereto. For
example, the terminal identifier may have size smaller than
or larger than 16 baits.

In step S210, the base station 300 may transmit informa-
tion about the terminal i1dentifier 1n response to the regis-
tration request. The terminal 200 may receive the informa-
tion about the terminal 1dentifier from the base station 300.

In step S220, the terminal 200 may determine a subcarrier
index from the terminal identifier. The terminal 200 may
divide the terminal 1dentifier into multiple bit strings having
a predetermined size and determine the subcarrier index
using numbers represented respectively by the multiple bit
strings. For example, the terminal 200 may divide the
16-bits terminal 1dentifier into four bit strings each of which
has a size of 4 bits and determine numbers represented
respectively by the four bit strings as a,, a,, a, and a,, as
described with reference to Equation 1. The terminal 200
may determine a subcarrier index using a,, a,, a,, and a,. For

example, the subcarrier index may be determined by equa-
tion 13.

k.. —=(4096-a3+256-a>+16-a;+a,)mod N

L YHAX

[Equation 13]

In Equation 13, k_, may mean a subcarrier index corre-
sponding to the terminal identifier. N, . .. may mean the
number of eflective subcarriers of the OFDM symbol fre-

quency axis.
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Referring to Equation 13, the subcarrier index k__, used by
the terminal 200 for transmitting the reference signal may
depend on the parameters a,, a,, a, and a, derived from the
terminal 1dentifier of the terminal 200.

In step S230, the terminal 200 may set a signal strength
ol each subcarrier component. The terminal 200 may trans-
mit a reference signal according to the determined signal
strength of each subcarrier component determined in step
S220. For example, the terminal 200 may generate the
reference signal as shown in equation 14.

|Equation 14]

k =Ksep = (4096-a3 +256-a; + 16-a; + ag)modN, ,ax
Xp = 0, k # kse.!

In Equation 14, x, may mean a reference signal. X, may
mean a vector representing k-th subcarrier component of x, .
Referring to Equation 14, X, may not be 0 only 1n a case that
k=k__;. The terminal 200 may set signal strengths of com-

sel*

ponents excluding a component corresponding to the sub-
carrier index obtained 1n Equation 13 to be smaller than a
threshold value.

In step S240, the terminal 200 may transmit the reference
signal. The base station 300 may recerve the reference signal
from the terminal 200.

FIG. 8 1s a conceptual diagram showing reference signal
transmission of the terminal 200 in the time domain.

Retferring to FIG. 8, the terminal 200 may periodically
transmit a reference signal. The terminal 200 may arrange
reference signal transmission interval between data trans-
mission intervals.

In step S2350, the base station 300 may measure the
reference signal received from the terminal 200. The base
station 300 may measure a signal strength of each subcarrier
component of the reference signal. The base station 300 may
compare the signal strength of each subcarrier component of
the reference signal to predetermined threshold value. For
example, the base station 300 may analyze the signal
strength of each subcarrier component of the reference
signal as shown 1n equation 15.

=

1 | y [qulatiﬂll 15]
Xe= > X N, k=0,1,2, ... Ny pax

M

|l
-

it | X | > Oumess
der (k) =1

else X4:(k) =0

Referring to Equation 15, the base station 300 may
compare the signal strength of the reference signal with
predetermined threshold value o, , .. The base station 300
may set the X , (k) value to 1 if an absolute value of X, 1s
greater than the threshold value o, .. On the other hand, the
base station 300 may set the X , . (k) to O 1n a case that the
absolute value of X, 1s smaller than the threshold value

0

thres:*

In step S260, the base station 300 may determine a
candidate set for the terminal transmitting the reference
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signal based on the signal strength of each subcarrier com-
ponent of the reference signal. The candidate set for the
terminal transmitting the reference signal may be deter-
mined by a k value satistying X , . (k)=1. For example, 1n a
case that X , = (k) has a value of 1 only at k=2, the base
station 300 may determine the candidate set for the terminal
transmitting the reference signal as a group of terminals
transmitting a reference signal through subcarrier 2. For
example, a group of terminals transmitting a reference signal
through subcarrier 2 may include terminals assigned a
terminal identifier satistying k__=2 1n Equation 13.

sel

FIG. 9 1s a graph showing the strength of signal received
by the base station 300 in a case that seven terminals
transmit reference signals.

In FIG. 9, the horizontal axis represents the subcarrier
index, and the vertical axis represents the strength of signal.
Referring to FIG. 9, signal strengths of a subcarrier indices

k=9, 13, 17, 21, 25, 29, 34 may exceed the threshold value.

In this case, the base station 300 may determine the terminal
groups transmitting reference signal using the above-de-
scribed subcarrier components as candidate sets. The base
station 300 may decode a reference signal transmitted
through a 9th subcarrier 1n the decoding schemes corre-
sponding to the candidate set using the 9th subcarrier.
Similarly, the base station 300 may decode the reference
signal transmitted through a 13th subcarrier with decoding
schemes corresponding to the candidate set using the 13th
subcarrier.

The accuracy with which the base station 300 determines
the candidate may depend on the threshold value o 1n
equation 15.

FIG. 10 1s a graph showing performance of the base
station 300 determining a candidate set according to the
threshold value. In FIG. 10, the horizontal axis represents a
magnitude of the threshold value, and a vertical axis repre-
sents the probability value. The magnitude of the threshold
value 1n the horizontal axis may represent the comparison
value of the magnitude of the threshold value 1n a case that
the absolute value of X, 1s set to 1.

The graph L1 shows a probability of failing to determine

thres

{

determining wrong candidate set. Referring to FIG. 10, as
the threshold value increases, the probability of failing to
determine candidate set may be increased. However, as the
threshold value increases, the probability of determining
wrong candidate set may be decreased. The base station 300
may set the threshold value differently according to target
performance. For example, the base station 300 may set the

the two graphs.

In step S270, the base station 300 may i1dentity the
terminal 200 transmitting the reference signal 1n the deter-
mined candidate set. The base station 300 may apply decod-
ing schemes corresponding to the determined candidate set
to decode the reference signal.

FIG. 11 1s a conceptual diagram illustrating reference
signal transmission of terminals.

Referring to FIG. 11, a first terminal, a second terminal,
and a fourth terminal may transmit reference signals through
the same subcarriers. For example, the first terminal, the
second terminal, and the fourth terminal may transmit a
reference signal through a first subcarnier, a third terminal
may transmit a reference signal through a second subcarrier,
a fifth terminal may transmit a reference signal through a
third subcarrier, and a sixth terminal may transmit a refer-
ence signal through a fourth subcarrier.

he candidate set, and the L2 graph shows a probability of
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In a case that the base station 300 receives the reference
signal transmitted through the first subcarrier, the base
station 300 may determine the first terminal, the second
terminal, and the fourth terminal as the candidate set. The
base station 300 may decode the reference signal using
decoding schemes corresponding to the first terminal, the
second terminal, and the fourth terminal.

The base station 300 may decode the reference signal and
determine whether a result of the decoding passes a cyclic
redundancy check (CRC). The base station 300 may deter-
mine that the terminal corresponding to the decoding
scheme that passes the CRC has transmitted the reference
signal. The base station 300 may try only the decoding
schemes of the terminals included 1n the candidate set
determined 1n step S260 without trying all the decoding
schemes of all the terminals. Therefore, the process of
decoding the reference signal and i1dentifying the terminal
200 by the base station 300 may be simplified.

FIG. 12 1s a flowchart illustrating an uplink signal trans-
mission process according to a sixth embodiment of the
present disclosure. In the following description of the

embodiment of FIG. 12, the description overlapping with
FIG. 7 1s omitted.

Referring to FIG. 12, 1n step S202, the base station 300
may group terminal identifiers 1into a plurality of groups. The
base station 300 may allocate a signal transmission time for
cach of the groups. The base station 300 may allocate
different signal transmission times to different groups.

In step S212, the base station 300 may transmit informa-
tion about the signal transmission time allocated to the
terminal 1dentifier of the terminal 200. The terminal 200 may
receive information about the signal transmission time from
the base station 300. The terminal 200 may receive the
information about the signal transmission time and deter-
mine a time to transmit the uplink signal.

In step S240, the terminal 200 may transmit a reference
signal within the signal transmission time allocated to itself.

In step S260, the base station 300 may determine the first
candidate set based on a signal strength of each subcarrier
component of the reference signal.

In step S265, the base station 300 may determine the
second candidate set based on the time at which the refer-
ence signal 1s received.

In step S270, the base station 300 may determine an
intersection of the first candidate set and the second candi-
date set. The base station 300 may decode the reference
signal with decoding schemes corresponding to the termi-
nals included 1n the intersection. The base station 300 may
identily the terminal 200 transmitting the reference signal
within the intersection of the first candidate set and the
second candidate set based a result of the decoding. The
number of the decoding schemes used by the base station
300 may be limited to the number of terminals included 1n
the intersection of the first candidate set and the second
candidate set. Therefore, the process of decoding the refer-
ence signal and identifying the terminal 200 by the base
station 300 may be simplified.

The operation methods of the terminal and the base
station according to the embodiments of the present disclo-
sure have been described above with reference to FIG. 1
through FIG. 12 and Equations 1 through 15. According to
the above-described embodiments, the base station may
identily a terminal transmitting the uphnk signal even 11 the
terminal 1s not allocated uplink resource from the base
station. Further, the base station may determine candidate set
for the terminal transmitting the uplink signal based on a
signal strength of each subcarrier component of the uplink
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signal or a transmission time of the uplink signal. So a
process by which the base station 1dentifies the terminal may
be simplified.

The embodiments of the present disclosure may be imple-
mented as program instructions executable by a variety of 5
computers and recorded on a computer readable medium.
The computer readable medium may include a program
istruction, a data file, a data structure, or a combination
thereol. The program instructions recorded on the computer
readable medium may be designed and configured specifi- 10
cally for the present disclosure or can be publicly known and
available to those who are skilled in the field of computer
software.

Examples of the computer readable medium may include
a hardware device such as ROM, RAM, and flash memory, 15
which are specifically configured to store and execute the
program instructions. Examples of the program instructions
include machine codes made by, for example, a compiler, as
well as high-level language codes executable by a computer,
using an interpreter. The above exemplary hardware device 20
can be configured to operate as at least one software module
in order to perform the embodiments of the present disclo-
sure, and vice versa.

While the embodiments of the present disclosure and their
advantages have been described in detail, 1t should be 25
understood that various changes, substitutions and altera-
tions may be made herein without departing from the scope
of the present disclosure.

What 1s claimed 1s: 30
1. An operation method of a terminal 1n a mobile com-
munication network, comprising:

receiving a terminal identifier and information from a
base station;

generating a plurality of interleaving parameters based on 35
the terminal 1dentifier:;

dividing a channel-coded data block into a plurality of
sub-blocks;

performing a block interleaving on each of the plurality of
sub-blocks using the plurality of interleaving param- 40
cters;

performing a scrambling on each of the plurality of
sub-blocks on which the block interleaving has been
performed; and

transmitting the plurality of sub-blocks on which the 45
scrambling has been performed,

wherein an interleaving pattern of the block interleaving
for each of the plurality of sub-blocks 1s determined by
the plurality of interleaving parameters, and

wherein the scrambling on each of the plurality of sub- 50
blocks 1s performed by:

adding a pseudo-random sequence to each of the plurality
of sub-blocks on which the block interleaving has been
performed; and

calculating remainders obtained by dividing each com- 55
ponent of each of the plurality of sub-blocks to which
the pseudo-random sequence 1s added by two.

2. The operation method according to claim 1, wherein the

terminal 1dentifier includes a Cell Radio Network Tempo-
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4. The operation method according to claim 3, wherein the

block interleaving is performed by:

interleaving bit strings of each of the plurality of sub-
blocks using the first interleaving parameter;
interleaving the bit strings interleaved by the {first iter-
leaving parameter using the second interleaving param-
eter,
interleaving the bit strings interleaved by the second
interleaving parameter using the third interleaving
parameter; and
interleaving the bit strings interleaved by the third inter-
leaving parameter using the fourth interleaving param-
eter.
5. The operation method according to claim 1, further
comprising:
recerving information of a signal transmission time allo-
cated to a group of terminals to which the terminal
belongs from the base station,
wherein the plurality of sub-blocks are transmitted at the
signal transmission time.
6. An operation method of a terminal 1n a mobile com-
munication network, comprising:
recerving a terminal i1dentifier from a base station;
dividing the terminal identifier into a plurality of bait
strings ol a predetermined size;
determinming numbers represented respectively by a plu-
rality of bit strings as a plurality of interleaving param-
clers;
dividing a channel-coded data block into a plurality of
sub-blocks:
performing a block interleaving on each of the plurality of
sub-blocks using the plurality of interleaving param-
eters; and
transmitting the plurality of sub-blocks on which the
block interleaving has been performed,
wherein an interleaving pattern of the block interleaving
for each of the plurality of sub-blocks 1s determined by
the plurality of interleaving parameters.
7. An operation method of a terminal 1n a mobile com-
munication network, comprising:
receiving a terminal identifier from a base station;
generating a plurality of interleaving parameters based on
the terminal 1dentifier;
dividing a channel-coded data block into a plurality of
sub-blocks:
performing a block interleaving on each of the plurality of
sub-blocks using the plurality of interleaving param-
elers;
recerving a random sequence from the base station;
performing a random interleaving on each of the plurality
of sub-blocks on which the block interleaving has been
performed by using the random sequence; and
transmitting the plurality of sub-blocks on which the
random interleaving has been performed,
wherein an interleaving pattern of the block interleaving
for each of the plurality of sub-blocks 1s determined by
the plurality of interleaving parameters.
8. An operation method of a base station 1 a mobile

rary Identifier (C-RNTTI). 60 communication network, comprising:

3. The operation method according to claim 1, wherein the
terminal 1dentifier has a size of 16 bits, and the plurality of
interleaving parameters are generated by:

dividing the terminal identifier into four bit strings each of

which has a size of 4 bits; and 65
determining numbers represented respectively by the four
bit strings as first to fourth interleaving parameters.

transmitting a terminal i1dentifier and information of a
signal transmission time allocated to a group of termi-
nals to which a terminal belongs to the terminal;

recerving a plurality of sub-blocks on which a block
interleaving has been performed at a first time period;

identifying the terminal identifier based on the signal
transmission time allocated to the group of terminals
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and an interleaving pattern of the block interleaving for
cach of the plurality of sub-blocks,

wherein the interleaving pattern 1s determined by a plu-
rality of interleaving parameters.

% x *H % o

20



	Front Page
	Drawings
	Specification
	Claims

